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ABSTRACT
Objectives: Gestational diabetes mellitus (GDM) is one of the most common pregnancy 
complications. The universal screening for GDM is usually performed between 24-28 weeks’ 
gestation. This often delays the diagnosis and could increase the risk of adverse pregnancy 
outcomes. Some of the biochemical placental markers — pregnancy associated plasma 
protein A (PAPP-A) and free-β human chorionic gonadotropin (hCG), probably could provide 
a diagnostic value for GDM. The aim of our study was to assess if PAPP-A and hCG values 
were different among pregnant women with and without GDM and respectively, to tested 
their place in the early GDM screening. 
Material and methods: We conducted a retrospective, case-control study by reviewing the 
clinical database records of 662 pregnant women. The analysis includes the data for a two-
year period. The patients included in the observation were divided into two groups — GDM 
group (n = 412) and Euglycemic group (n = 250). Early screening for GDМ between 9–12 
weeks’ gestation was performed in 173 of the women in the interventional group due to: 
registered fasting plasma glucose (FPG) above 5.1 mmol/L, obesity, macrosomia in previous 
pregnancies or family history for diabetes mellitus. The remaining 239 women underwent 
universal screening at 24–28 weeks’ gestation. Mean serum levels of PAPP-A, hCG, FPG, and
body mass index (BMI) were measured between 10–13 gestational weeks. Serum levels of 
PAPP-A and hCG are presented as multiples of the normal median (MoM), adjusted by 
maternal baseline characteristics and demographics. 
Results: In patients who developed GDM during pregnancy, compared with the control 
group, we have found significantly lower MoM values of PAPP-A (p < 0.0001), higher levels 
of FPG (р < 0.0001) and higher BMI (р < 0.0001). Median hCG MoM was similar in both 
group of pregnant women. 
Conclusion: Our findings suggest that low-normal to low reference range values of PAPP-A 
might be associated with higher risk for GDM. PAAP-A levels can be used as an additional 
factor to recommend early screening for GDM.
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INTRODUCTION
Gestational diabetes mellitus (GDM) is the most common cause of hyperglycemia 
during pregnancy. GDM is defined as "any degree of glucose intolerance with onset or first 
recognition during pregnancy", despite the fact that the state of dysglycemia may exist before 
conception and continue after birth [1–4]. Current evidence shows that the prevalence of 
GDM is rising worldwide. In 2019, one in six births was affected by GDM [4]. More than 
50% of women with previous GDM will develop type 2 diabetes mellitus (T2DM) in the first 
five years after delivery [3–6]. 
A number of risk factors are associated with GDM, including advanced maternal age 
(≥ 35 yrs.), ethnicity, family history of diabetes, parity > 1, overweight and obesity, polycystic
ovary syndrome, previously delivering a neonate weighing more than 4 kg, etc. [1–4].
GDМ is the main risk factor for maternal and fetal complications. GDM significantly 
increases the risk of hypertensive disorders (gestational hypertension, preeclampsia), 
caesarean deliveries and birth trauma. Women with GDM are also at higher risk of developing
subsequent T2DM. In addition, women who have had GDM with one pregnancy are 30–69% 
more likely to develop GDM in subsequent pregnancies [7–12]. Continuous high blood 
glucose levels can lead to increased fetal and neonatal complications: large for gestational age
infants, birth injuries, hypoglycemia, polycythemia, and hyperbilirubinemia. Infants born 
from women with GDM may suffer from more congenital abnormalities and have a greater 
propensity of developing neonatal hypoglycaemia, and T2DM later in life [6–8]. 
The universal screening for GDM, which is performed between 24–28 weeks’ 
gestation, postpones the diagnosis and very often is made after there are pre-existing 
complications [8, 9]. This raises the question if there are markers that are routinely tested in 
all pregnant women in early pregnancy and could they be a sufficient criteriа for 
recommending early GDM screening. Several placental markers are usually used for 
aneuploidies screening. These are human chorionic gonadotropin (hCG), placental growth 
factor (PLGF), soluble fms-like tyrosine kinase 1 (s-flT-1) and pregnancy-associated plasma 
protein-A (PAPP-A). If some of these placental factors (hCG, PlGF, s-flT-1) may be 
associated with the occurrence of preeclampsia during pregnancy, there is evidence that 
PAPP-A may also be relevant to carbohydrate disorders manifested during pregnancy. 
Aim
Тo assess if PAPP-A and hCG values are different among pregnant women with and 
without GDM and to propose their potential value in the early GDM screening.
MATERIAL AND METHODS
Study design 
A retrospective, case-control, observational study was conducted by reviewing the 
clinical database records of pregnant women that attended the Specialized Hospital of 
Obstetrics and Gynecology “Doctor Shterev”, Sofia, Bulgaria between December 2017–
December 2019.
The study has been considered by Institutional Review Board of the Specialized 
Hospital of Obstetrics and Gynecology “Doctor Shterev”, Sofia Bulgaria. The research project
has been conducted in accordance with ethics and law standards for medical research, as 
stated in active national legislation and Declaration of Helsinki. Proposed non-interventional 
retrospective database does not jeopardize confidentiality and autonomy of any patients. 
Data collection and measurements
In this retrospective study, we extracted and analyzed the data from clinical records of 
662 pregnant women, of whom 412 were diagnosed with GDM and remaining 250 were 
euglycemic (control group). Only singleton pregnant women were included in the analysis. 
Pregnant women with pre-existing diabetes or multiple gestation and those aged less than 18 
and higher than 40 years, were excluded from the study. The diagnosis of GDM was 
confirmed by the 2-hours 75-g oral glucose tolerance test (OGTT) using the diagnostic criteria
of the International Association of the Diabetes and Pregnancy Study Groups.
The maternal characteristics considered were age, racial origin (Caucasian), body mass index 
(BMI), parity, method of conception, previous macrosomia, family history of diabetes 
mellitus. 
Early screening for GDМ between 9–12 weeks’ gestation was performed in 173 of the 
women in the intervention group due to registered fasting blood sugar above 5.1 mmol/L, 
obesity, data for fetal macrosomia in previous pregnancies or family history for diabetes 
mellitus. The remaining 239 women underwent universal screening at 24–28 weeks’ 
gestation. 
Mean serum levels of PAPP-A, hCG, FPG and BMI were measured between 10–13 weeks of 
gestation. Serum levels of PAPP-A and hCG were tested in the period 11–13 weeks of 
gestation in favor of screening for aneuploidies. Their levels were determined by electro-
chemiluminescent method ECLIA (Cobas 8000, Roche) and were presented as multiples of 
the median (MoM) after correction based on maternal characteristics (Software provided by 
the Fetal Medicine Foundation London). FPG values were determined by hexokinase method 
(Cobas 8000, Roche) and were presented in mmol/L (reference range 3.9–6.1 mmol/L). 
Statistics
The statistical analysis was processed using the SPSS software version 19. We have 
applied the following statistical methods: descriptive statistics, Kolmogorov-Smirnov test for 
normality, Mann-Whitney non-parametric test (for comparing outcomes between two 
independent groups), Pearson chi-square test and Fisher's exact test (for analysing the 
categorical variables) and receiver operated characteristic (ROC) analysis. Data are presented 
as mean ± SD, median (IQR) or N (%). A p-value less than 0.05 was consider significant. 
RESULTS
Table 1 summarizes the maternal and clinical characteristics of the two groups of patients. 
Women with GDM and controls were not statistically different in terms of age and BMI. 
Statistically significant differences were identified regarding family history of diabetes (p < 
0.001) and previous macrosomia (p < 0.0001) (Tab. 1). No statistically significant differences 
in parity (p = 0.459), were found. The median PAPP-A adjusted MoM was significantly lower
in GDM group compared to the control group (1.2 vs 1.3; p < 0.0001).
In some of the patients in GDM group due to inadequate blood glucose control on the 
background of diet treatment, pharmacological therapy with either metformin or insulin was 
initiated. Patients with GDM who required pharmacological treatment had lower protease 
levels - PAPP-A- 0.7 MoM, than those treated with diet alone — 1.01 MoM. 
Cases and controls were not statistically different in term of Free β-hCG adjusted 
MoM (1.29 vs 1.36; p = 0.325). 
Sensitivity and specificity of PAAP-A as a potential diagnostic tool were analyzed 
using ROC analysis (Fig. 1). The area under the curve (AUC) for the diagnosis of GDM was 
0.57 (AUC = 0.57, SE = 0.02, 95% CI 0.55–0.61,). The cutoff value of the corrected PAPP-A 
- 0.93 MoM can exclude GDM with a sensitivity level of 43.49% and a specificity of 69.85%.
DISCUSSION
It is a known that some of the placental factors, including PAPP-A may be associated 
with the occurrence of preeclampsia. There is evidence that PAPP-A could also be relevant to 
carbohydrate disorders manifested during pregnancy.
 Our findings allow the role of biochemical placentation markers — pregnancy-
associated plasma protein-A for early gestational diabetes screening to be understood.
PAPP-A is a zinc-containing metalloproteinase, first described in 1974 as a protein derived 
from the placenta of pregnant women. It is produced by trophoblast and is detectable in 
maternal blood from the 28th day of conception. In addition to the placenta, this protein is also 
expressed in: testis, kidney, colon, ovary (follicular fluid and granulosa cells), fibroblasts, 
healing after injuries skin, smooth muscle cells on the vessel walls. It is a protease that 
cleaves the molecule of insulin-like growth factor-bound proteins (IGFBP) — 2, 4, 5. This 
helps the bioactivity of the insulin-like growth factor (IGF) to be improved. PAPP-A can act 
as an autocrine/paracrine regulator of IGF action. IGF-binding proteins are specific transport 
proteins that bind IGF1 and IGF-2, thereby blocking their interaction with surface cell 
receptors. Because PAPP-A cleaves the IGFBP molecule, when its level is reduced, higher 
levels of IGFBP and low levels of free IGF are observed [14–16].
IGF has role in the regulation of fetal growth (glucose and amino acid uptake); in the 
autocrine and paracrine control of trophoblast invasion. IGF is a stimulator of protein 
synthesis in muscles. It also stimulates the utilization of free fatty acids. Its action is regulated
by IGFBP. In patients with obesity or diabetes, there is a dysregulation in the secretion of 
IGFBP, leading to variations in the concentration of IGF-I and IGF-II, as well as their action 
[13].
Studies have shown that IGFBP-5 in adipocytes and the PAPP-A protease may be 
relevant to the onset of gestational diabetes mellitus by altering the regulation of functional 
IGF levels, fat stores, and metabolism. [14–16].
In an uncomplicated pregnancy, the activation of IGFBP-5 increases the levels of 
insulated IGF-1, IGF-2, and PAPP-A downgrade IGFBP-5. The result is releasing of insulin-
like growth factors. This promotes hyperplastic enlargement of adipocytes and angiogenesis. 
In women with GDM, there is a reduced bioavailability of IGF due to inadequate levels of 
IGFBP-5 and likely decreased levels of PAPP-A. The result is inadequate angiogenesis, 
resulting in adipocyte hypertrophy and decreased capillary density. Low-grade inflammation, 
lipotoxicity respectively, leading to insulin resistance and impaired carbohydrate tolerance 
have been observed [14–16].
The current study indicates that women with GDM have low or low normal PAAP-A 
levels. Our findings confirmed the results from previous studies [16–21]. There are 
conflicting data regarding the relationship between PAPP-A levels and the manifestation of 
gestational diabetes. However, studies could not determine definitively if low PAPP-A levels 
lead to carbohydrate metabolism disorders. [20, 21]. 
As PAPP-A is a marker that is routinely tested in 80% of pregnant women, it could be 
used as an early marker for diagnosis or at least referral to a GDM test. We observed lower 
serum levels of PAPP-A in women with GDM as well as other research teams. In our study 
pregnancy-associated plasma protein-A (PAPP-A) levels below 0.9 MoM were associated 
with increased prevalence of GDM. In addition to the fact that low levels of PAPP-A can 
serve as predictors of carbohydrate disorders, our observations show that the lower the levels 
of protease, the greater the likelihood of the need for the addition of pharmacological therapy 
in patients with already established GDM.
CONCLUSIONS
Early diagnosis of GDM is crucial in order to avoid complications during the course of
pregnancy. In this study PAAP-A levels below 0.9 MoM were associated with increased 
prevalence of GDM for the Bulgarian pregnant women. As PAPP-A is routinely tested in the 
period 11–13 weeks of gestation in favor of screening for aneuploidies, it could be referral to 
an early GDM test. Further studies are needed to accept the possibility of using certain 
placental markers as an alternative for a recommendation for GDM screening. However, low 
and low-normal PAAP-A levels can be used as an additional factor to recommend early 
screening for GDM.
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Table 1.  Characteristics of observed pregnant women and biochemical markers
Characteristics GDM group (N 
= 412)
Control group (N =
250)
p-value
Maternal age [years], 
mean (SD) 33.3 (4.9) 32.8 (4.3) 0.251 
BMI [kg/m2], mean (SD) 26.08 (5.35) 22.9 (5.82) 0.422








Fasting plasma glucose 
[mmol/L], mean (SD)
5.48 (0.80) 4.8 (0.68) < 0.0001


















PAPP-A, adjusted MoM (SD)
1.2 (0.62) 1.3 (0.65) < 0.0001
Free β-hCG, adjusted MoM
1.29 1.36 0.325
Pharmacological treatment need
(metformin or insulin), % (n)
Yes
No
35.2 (145)           
64.8 (267)
Not applicable –
GDM — gestational diabetes mellitus; SD — standard deviation; BMI — body mass index; 
PAPP-A — pregnancy associated plasma protein A; MoM — multiples of the normal median
Figure 1. Receiver operating characteristic (ROC) curve demonstrating specificity and 
sensitivity of pregnancy associated plasma protein A
